There was not a strong correlation between promoter nucleosome fragility and the levels of 18 histone modifications or histone variants. Our data suggest that in C. elegans promoters,
INTRODUCTION

1
The fundamental unit of eukaryotic chromatin is the nucleosome, which consists of 147 bp of 
16
Nucleosome stability has been studied in vitro using sensitivity to enzymatic digestion or salt Figure 1) . We therefore focused our 9 downstream analysis on fixed chromatin for maximum compatibility with previously-generated 10 datasets.
12
Mononucleosomal DNA fragments released earliest during the digestion were larger (median 
25
To systematically study nucleosomes of differential sensitivity to MNase, we assigned each
26
.
CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/047860 doi: bioRxiv preprint first posted online Apr. 9, 2016; Figure 1E) . Thus, fragility and resistance scores were generally reciprocal to each 7 other at a given nucleosome, but not necessarily so. We defined the top 10% of nucleosomes 8 with the highest fragility or resistance scores as "fragile" or "resistant" nucleosomes, respectively 9 ( Figure 1F ).
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Trans-factors increase nucleosome fragility
12
We sought to address whether nucleosome fragility was a consequence of competition with 
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We found that TFBS had high fragility scores despite their intrinsic preference for nucleosome 8 formation in vitro. One possible explanation is that transcription factors destabilize nucleosomes 9 at their binding sites, causing the fragility at TFBS. Alternatively, TFBS may contain DNA
10
sequences that disfavor nucleosome formation in vivo, thereby increasing nucleosome fragility.
11
To distinguish among these possibilities, we identified a set of TFBS specifically bound at 
26
. MNase-seq timecourse ( Figure 3A) .
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Heat shock in C. elegans activates HSF-1 and HSF-2, two homologues of the mammalian HSF1 
21
(Supplemental Figure 7) . Though nucleosome occupancy remained largely unchanged, we 22 found nucleosome fragility dramatically increased both 5′ and 3′ of heat-shock genes, as 23 well as in the gene body itself (Figure 3C, 3D) . Notably, promoter and +1 nucleosome fragility 24 increased on average genome-wide, although gene-body fragility was specific to the set of heat
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7
Our results demonstrate that nucleosome fragility can be modulated by trans-acting factors like 8 transcription factors and RNA polymerase II, and is not solely dependent on DNA sequence.
10
Nucleosome fragility near genes is anti-correlated with expression
11
We found high fragility scores at the types of genomic locations where destabilized 
6
Given the positive relationship between fragility and transcription factor binding (Figure 2C ),
7
and given that induction resulted in increased nucleosome fragility throughout heat-shock genes 8 ( Figure 3C, 3D) , we expected that nucleosome fragility would be enriched in the promoters or 9 gene bodies of highly expressed genes in the embryo, which exhibit high levels of TF and Pol II 
17
Perhaps only newly-induced genes display gene-body fragility, or extremely high levels of 18 transcription are required to induce fragility in gene bodies.
20
Although overall nucleosome fragility scores were high 5′ and 3′ of all genes, including at the 21 majority of TFBS (Figure 2) , fragile nucleosomes occurred preferentially at the promoters of and 3′ of genes at locations with few TF binding events appears to be determined by another 8 mechanism, which we explored next.
10
Nucleosome fragility is correlated to cis-encoded DNA features
11
We hypothesized that cis features may be responsible for the fragility of nucleosomes at the 12 promoters of lowly-expressed genes. We examined the DNA sequences occupied by fragile and 
5
T-blocks were not enriched at fragile or resistant nucleosomes, whereas TATA box motifs were 6 enriched at fragile nucleosomes (Supplemental Figure 14) .
8
In addition to DNA-encoded cis features, promoter fragility at lowly-transcribed genes may be 9 influenced by epigenetic features associated with these nucleosomes. Through comparison with 10 previously generated datasets, we asked whether any histone post-translational modifications, 
21
To confirm the association between fragile nucleosomes and future context-specific expression
22
with an independent method, we used the publicly available modENCODE transcriptome 
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DISCUSSION
12
We performed an MNase digestion timecourse, a simple modification to the traditional MNase 
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2
We performed our experiments in nuclei derived from whole embryos, which reflect a mixture of 3 cell types and creates challenges for data interpretation. However, our core conclusions stand 4 regardless. First, the DNA sequence underlying the data is the same across all cell types and 5 therefore our conclusions regarding the cis contribution to nucleosome fragility are derived from ). Therefore, for specific genes, we can 11 say definitively that they were "on" or "off" in our sample, and make general conclusions 12 accordingly. Third, the RNA-seq data we used is also derived from mixed embryos, and 13 therefore quantitatively matches our fragility and resistance data. The same applies to the 14 modENCODE chromatin data; the embryos used in this study were staged specifically to match 
26
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We found high fragility scores at the -2, -1, and +1 nucleosomes of developmentally regulated 
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which that have depleted proximal nucleosomes (Figure 6D top) . The yeast OPN genes may 1 correspond to the set of developmentally regulated genes we defined in C. elegans, which have 2 high promoter fragility and highly occupied proximal nucleosomes (Figure 6D, bottom) . To our 3 knowledge, OPN and DPN-type promoters have not been described or defined in C. elegans.
4
Our results are consistent with a model in which nucleosome instability is encoded at the 5 promoters of DPN-type genes, potentiating the high transcriptional plasticity observed at these 
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Reads with insert sizes between 100 and 250 bp were kept for downstream analysis.
15
Replicates were first processed individually, then pooled after confirming a high degree of 16 correlation between replicates. Nucleosome analysis was performed as described previously 
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Additional datasets
6
A brief description of the additional publicly available datasets used in this study and their 7 accession numbers can be found in Supplemental Table S1 . 
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11
Representative image of an N2 embryo MNase digestion timecourse after gel electrophoresis.
12
For each timepoint, mononucleosome-sized fragments were excised from the gel (white box) 
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. We propose a model whereby nucleosome fragility is determined by two distinct mechanisms,
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one that operates in cis at all genes, and one that operates in trans at a subset of genes. Left:
11
Competition in trans with transcription factors and polymerase machinery destabilizes 12 nucleosomes at the promoters of actively transcribed genes that tend to be stably expressed..
13
Right: Condition-specific and developmentally regulated genes contain promoters with high 14 levels of nucleosome fragility, determined primarily in cis by high AT content. Green line: high
15
AT content is sequence-encoded at all promoters, but is highest at condition-specific genes.
16
Orange cylinders: resistant nucleosomes found in the gene body of highly and stably expressed 
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